ABSTRACT : To effects of sex maturation in olive flounder by regulating long photoperiod, gonadal development and GTH mRNA expression in the pituitary were investigated. Photoperiod was treated natural photoperiod and long photoperiod (15L:9D) conditions from September 2011 to March 2012. The results showed that natural photoperiodic group showed a higher gonadosomatic index (GSI) than long photoperiodic group during the spawning season (March 2012). The histological analysis of ovarian tissue showed that natural photoperiod group of ovaries contained vitellogenic oocytes, but long photoperiod group of ovaries mainly contained perinucleolus staged oocyte and oil-drop staged oocytes. The FSH mRNA of olive flounder, under natural photoperiod group, showed a significantly higher expression but no significant difference under long photoperiod group. The LHβ mRNA showed a significantly higher expression only under natural photoperiod group. These results may suggest that long photoperiodic information regulates secretion of pituitary FSH and LH and maintain early growing stage of gonadal development in this species.
INTRODUCTION
The sex maturation of fish is controlled by reproductive endocrine system in the Brain-Pituitary-Gonad axis (BPG axis) (Davies et al., 1999; Weltzien et al., 2004; Zohar et al., 2010) . The hypothalamus secretes GnRH, and these regulates secretion and synthesis of GTH in the pituitary. The regulators of BPG axis are the gonadotropins, the FSH and LH, these induces the synthesis of sex steroids in the gonad (Pankhurst, 1998) . In females, FSH interacts with premature ovarian and stimulates oocyte growth, inducing LH is known for final gonadal maturation and ovulation. The reproductive endocrine system interacts with various environmental factors, such as photoperiod and water temperature. Particularly, photoperiod and water temperature are the major environmental factors to control sex maturation and the spawning period. Thus, recent research to control sex maturation of fish is more studied by investigating the relationship between these environmental factors and the endocrine system (Norberg et al., 2001; Schulz et al., 2006; Hala et al., 2011 and June with March through May being the peak spawning season. Based on the flounder's spawning season, the optimal environmental conditions for maturation and spawning have been studied and the results from artificial conditions to induce spawning were reported (Min, 1988; Hur, 1991) . 
Real-time qPCR (qPCR)
Primers for the experiments were produced by FSHβ (Gene bank, accession number AB042422) and LHβ (AB042423) of P. olivaceus that are listed on NCBI (Table 1) . A qPCR was conducted with 20 ng of cDNA using SYBR green premix PCR kit (Takara) in CFX96 TM Real-time System (Bio-Rad, Hercules, CA, USA). PCR was performed at 95℃ after the initial denaturation.
Afterwards, the PCR reaction was performed by 40 cycle of denaturation for 45 s at 94℃, annealing for 45 s at 58℃, and extension for 1 min at 72℃. Expression of the FSHβ and LHβ genes in each sample was normalized to the amount of the internal control β-actin gene.
Statistical analysis
All data are presented as mean ± standard error (SEM) and considered significantly different at P<0.05. Statistical analysis of data was analyzed by one-way ANOVA followed 
RESULTS

The change in the gonadosomatic index (GSI)
The GSI of olive flounder at the onset to the experiment (September 2011) was 1.2 ± 0.1. In the control group under the natural photoperiod, the GSI for November was 1.3 ± 0.1 and showed no significant statistical difference from the onset to the experiment. However, the last experiment, in March 2012, presented a drastically increased GSI at 8.3 ± 0.2, showing a significant statistical difference (P<0.05). In the treatment group under an artificial condition with controlled photoperiod (15L:9D), the GSI from the November experiment was 1.3 ± 0.1 and the GSI from the March experiment was 2.0 ± 1.7, representing no significant statistical difference (Fig. 1 ).
Gonadal development
In September 2011, the ovaries were immature, mainly contained perinucleolus stage oocytes of 20 to 50 ㎍ in diameter ( Fig. 2A) . In the control group, the ovaries from November were growing phase, contained the oil-droplet stage oocytes of 80 to 150 ㎍ in diameter (Fig. 2B) . In March 2012, the ovaries became mature as vitellogenic oocytes of 220 to 500 ㎍ in diameter (Fig. 2C ). In the treatment group, the ovaries from November were immature, mainly contained perinucleolus stage oocytes (Fig. 2D) .
In March 2012, the ovaries were still growing phase, contained the oil-droplet stage oocytes (Fig. 2E ).
The mRNA expression of FSHβ, LHβ in pituitary
In the control group, the expression of FSHβ mRNA at the November did not show significant statistical difference from the first experiment in September. However, 
DISCUSSION
The reproductive cycle of fish is species specificity, and photoperiod information and water temperature are known to be important factors for the maturation of gonads and spawning cycle (Huber & Bengtson, 1999; García-López et al., 2006) . Based on this, many studies to regulate the reproductive endocrine system and spawning cycle using photoperiod are being performed (Begtashi et al., 2004; Unwin et al., 2005; Abdulfatah et al., 2011; Cowan et al., 2012) . As for Nile tilapia, Oreochromis mRNA had no significant statistical difference throughout all of the experiments (Fig. 3A) .
In the control group, the LHβ mRNA, compared with the first experiment, started increasing from November and showed statistical significance by March (P<0.05).
However, in the treatment group, the LHβ mRNA had no significant statistical difference in expression until the last experiment (Fig. 3B) . FSHβ and LHβ during the sex maturation period (Almeida et al., 2011) . In particular, blood concentration of sex steroid hormones such as testosterone, estradiol-17β and 11-ketotestosterone decreases because gonads were not developed (Cowan et al., 2011) . Gilthead seabream, Sparus aurata, a marine species that spawns in the winter, also showed low GSI when treated under long photoperiod of 15.5L:
8.5D until the spawning season (Kissil et al., 2001) . In (Falcón, 2010) . These melatonin secretion rhythm effects various hypothalamic neurotransmitter such as arginine vasotocin, neuropeptide Y, GnRH, kisspeptin, and dopamine (Zohar et al., 2010) . Moreover, the synthesis and secretion of hypothalamic GnIH modulate by pineal melatonin, suggestion that GnIH could be implicated in the transduction of photoperiod information to other endocrine system involved in the control of reproduction (Tsutsui et al., 2007 
